In this paper, we investigate the first integral method for solving the solutions of Maccari's system. This idea can obtain some exact solutions of this system based on the theory of Commutative algebra.
Introduction
The first integral method was first proposed for solving Burger-KdV equation [1] which is based on the ring theory of commutative algebra. This method was further developed by the same author in [2] [3] [4] [5] [6] [7] [8] [9] [10] and some other mathematicians [2, 11, 12, 13] . The present paper investigates for the first time the applicability and effectiveness of the first integral method on the Maccari's. We consider Maccari 
For the first time, Maccari derived this system from the Kadomtsev-Petviashvili equation by using asymptotically exact reduction method based Fourier expansion and spatiotemporal rescaling [14] . Maccari's system is a kind of nonlinear evolution equations that are often presented to describe the motion of the isolated waves, localized in a small part of space, in many fields such as hydrodynamic, plasma physics, nonlinear optic, etc. Zhang used Exp-function method for seeking exact solutions of Maccari's system [15] .
The remaining structure of this article is organized as follows: Section 2 is a brief introduction to the first integral method. In Section 3, implementing the first integral method, some new exact solutions for Maccari's system are reported. This describes ability and reliability of the method. A conclusion and future directions for research are all summarized in the last section. 
The First Integral Method
Using the wave variable = 2 x y kt
where prime denotes the derivative with respect to the same variable  . Next, we introduce new independent variables = x u , = y u  which change to a system of ODEs
, .
According to the qualitative theory of differential equations [1] , if one can find two first integrals to system (4) under the same conditions, then analytic solutions to (4) can be solved directly. However, in general, it is difficult to realize this even for a single first integral, because for a given plane autonomous system, there is no general theory telling us how to find it's first integrals in a systematic way. A key idea of our approach here to find first integral is to utilize the division theorem. For convenience, first let us recall the division theorem for two variables in the complex domain  [4] . Theorem 2.1. Division theorem (see [14] ) Suppose that   
where , k  and  are constants to be determined later, l is an arbitrary constant. Substituting Equation (5) into system (1) and yields
Using the transformation
where  is a constant, system (6) become the follow-
where prime denotes the differential with respect to  .
Integrating the second segment of Equation (8) with respect to  and taking the integration constant as zero yields yields
Substituting Equation (9) into the first segment of (8) yields
Next, we introduce new independent variables = x u , = y u  which change Equation (10) to a system of ODEs
Now, we are applying the Division Theorem to seek the first integral to (9) . Suppose that   = x x  and   = y y  are the nontrivial solutions to (9) , and (10) is also called the first integral to (9) . We start our study by assuming = 1 m in (12) . Note that dp d is a polynomial in x and y, and
= 0 dp d . By the Division Theorem, there exists a (13), we have (14) and setting all the coefficients of powers x to be zero, we obtain a system of nonlinear algebraic equations and by solving it, we obtain the following solutions:
and
Using (15) and (16) in (10), we obtain   respectively. Combining this equations with (9), we obtain the exact solutions of Equation (10) as follows:
where 1 c is an arbitrary constant. Therefore, the exact solutions to (10) can be written as
Then exact solutions for system (1) are
Now we assume that m = 2 in (10). By the Division Theorem, there exists a polynomial 
where E is an arbitrary integration constant. Substituting (25) and setting all the coefficients of powers x to be zero, we obtain a system of nonlinear algebraic equations and by solving it, we obtain
Using (26) and (25) in (10), we obtain
respectively. Combining this Equations with (11), we obtain two exact solutions to Equation (10) 
